I I. CONTROLLING OFFICE NAME AND ADDRESS
Approved for public release; distribution unlimited.
DISTRIBUTION STATEMENT (ol thm mbmttmct entered In Block 20, It dIUmtmnt from Rmporl)

SUPPLEMENTARY NOTES
KEY WORDS (Continue on revert* tide II neceetmry mnd Identity by block number)
Atmospheric Ozone Layer Gravity Waves Lower Ionospheric Layers Atmospheric Oxygen Layers
ABSTRACT (Continue on reveree tide-II neceeemry and Identity by block number)
We solve the linear and quasi-linear problems of the density response of a neu tral or ionospheric layer structure of arbitrary density profile to gravity wave perturbations in the background atmosphere. It is shown that the density response of the bottomside of the structure is of larger amplitude than the topside, whereas the general magnitude of the density response depends on the relative sharpness of the layer density gradient in comparison to the gradient of background atmosphere stratification. The sharper the layer gradient, the larger 
INTRODUCTION
It is well-known that lower ionospheric layers such as the D-layer and the stratospheric ozone layer exhibit large variations of density (see Fig. 1 ), which are reminiscent of gravity wave structures. Further, in some thin layer structures, such as noctilucent clouds (Fogle and Haurwitz, 1966 ) and the sporadic-E layer (Miller and Smith, 1975; , the existence of wave-like structure has become a singularly dominant feature. Since the presence of gravity waves of low frequency and short vertical wave-length is expected in the atmosphere, the exhibition of wave structure in atmospheric and lower ionospheric layers is not at all surprising. What is surprising, however, is that the wave-like density variations of the layer structures are generally of large amplitude whereas the density variations in the background atmosphere are usually observed in the middle and upper atmosphere to be less than or of the order of 10-15% (see Fig. 2a, b ).
For example, the wave-like partial pressure variations of the ozone layer shown in Fig. 1 are of order of 50 (imb out of the layer background partial pressure of some 100 n,mb. Density variations associated with such wavelike structures in the middle atmosphere have been observed (Faire et al. , 1974) . Bounds on the stratospheric wave-like density variations can also be estimated from observed wave-like horizontal wind components in the stratosphere (Webb, 1966) by means of perturbation theory (Hines, I960) . The result is that wave-like density variations in the stratosphere are less than 10% of the background stratospheric density, in agreement with direct density observations. Indeed, one may contrast wave-like density variations of the D and E regions of the ionosphere with that of the neutral atmosphere in the same altitude region and find a similar relationship. (Komhyr and Gross, 1968 ).
• 6- . Wave structure in the stratospheric total density. (Faire et al., 1974 ).
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•P E Figure 2b . Wave structure in the lower thermospheric densitymeasured by a satellite-borne accelerometer (Ching, unpublished data). 
where g is the gravitational acceleration and Y = c /c , the ratio of heat capacities. The wave density perturbation N/ NQ is given in terms of amplitude A and phase <p by 
for low frequency gravity wave perturbations in the lower ionosphere. Inclusion of gradient drift terms in (4) and (5) can be easily accommodated; however, these terms will detract from the simplicity of our analysis without adding any significant content.
For constituent layers whose chemical and/or ionization equilibrium lifetimes are long compared to the gravity wave period,such as the ozone layer and the sporadic-E layer, the response of layer density n is governed by the continuity equation
where v is related to the gravity wave forcing velocity V by either (4) or (5).
For ordinary ionospheric layers in the D and E regions at night, the recombination lifetimes are comparable to gravity wave periods; therefore, the effects of recombination must be taken into account in (6). The realization of the importance of recombination, when taken together with the results of the present analysis, is crucial in the consideration of nighttime E-region turbulence; however, for the sake of simplicity these effects will be dealt with elsewhere. Hence, our considerations here as applied to layers whose recombination lifetimes are shorter than or comparable to gravity wave periods will be regarded as indicative rather than quantitative results. For the remainder of the analysis, results based on (5) will be given without proof, since the derivation is entirely analogous to the one presented in terms of (4).
Without making a small perturbation assumption for layer response, the constituent layer density n can be written as the sum of a layer density profile in the absence of a gravity wave in the background atmosphere n n (z) and a gravity wave density response n ( x, z, t ), i.e. n = IIQ (Z) + n ( x, z, t )
In our calculation, n Q (z) is regarded as a general layer density profile generated by some production mechanism. Substitution of (4) and (7) into (6) 
which is exactly the result obtained from (8) under the linear approximation.
Further, for L = -H , the constituent scale height of a stratified atmospheric c constituent, (12) is exactly the result of Dudis and Reber (1976) .
For the ionospheric case (5), the situation becomes more complex since the orientation of the magnetic field is involved. If we consider equatorial E and Fl regions in the case for which the magnetic field is assumed to be perpendicular to the x -z plane, an analogous quasi-linear solution to (6) 
Ih the derivation of (13) shown that the layer is strongly turbulent and exhibits large variations of density (Miller and Smith, 1975; . Indeed, at times definite gravity wave effects can be identified (Miller and Smith, 1976) . We wish to point out here that the "amplification" factor for the sporadic-E layer can be quite large. We wish to point out here that the gravity wave response at the bottomside of the layer is subject to Rayleigh-Taylor instability also. An analysis of the gravity wave response of an ionospheric layer structure in the limit v. << Cl.
shows that internal wave modes are also susceptible to Rayleigh-Taylor growth. Since internal wave modes, unlike the surface waves of the pure Rayleigh-Taylor instability, can propagate throughout the layer structure, we would expect that gravity wave response at the steepened bottomside of the nighttime equatorial ionospheric layer structure will play a major role in the "bottomside turbulence" phenomenon. Detailed analysis of such a situation will be given elsewhere.
As a final example, we wish to consider the atomic oxygen layer which maximizes slightly above the mesopause at altitudes between 90 and 100 km. -21
